The main goal of the study was to test two plant-based diets designed according to our own procedure and to compare their production efficiency. Furthermore, the effect of both diets on the carcass parameters and chickens' state of health was evaluated in order to explore the possibility of replacing vegetable oils by Ca-salts of fatty acids.
The main goal of the study was to test two plant-based diets designed according to our own procedure and to compare their production efficiency. Furthermore, the effect of both diets on the carcass parameters and chickens' state of health was evaluated in order to explore the possibility of replacing vegetable oils by Ca-salts of fatty acids.
The experiment was carried out with 140 chickens divided into 2 groups each consisting of 70 chickens (35 males and 35 females). As the source of energy specially treated oils -Ca-salts of fatty acids -were used in diet of experimental group while the soy oil was used in control group. The experiment was terminated on the 42nd day of the fattening. The mean live weight of female and male chickens in the experimental group on the 42 nd day was 2.11 kg and 2.20 kg, respectively; the weight of control females and males was 2.18 kg and 2.50 kg, respectively. Significantly lower live weight of males (p ≤ 0.01) was also reflected in the carcass yield 1448.70 g (p ≤ 0.05), in the weight of skinned thighs 444.01 g (p ≤ 0.01) and thighs without skin 395,68 g (p ≤ 0.01), and in the weight of upper thighs 204.54 (p ≤ 0.01) and lower thighs 191.14 g (p ≤ 0.05). No significant differences were found in the weight of breast muscles and abdominal fat. Despite the above differences in weights, no conclusive differences between the experimental and control groups of chickens were found in the yield of carcass and the yield of individual parts of carcass. Chickens' state of health examined on the basis of haematological and biochemical analyses of blood plasma were also evaluated in this study. The results of these analyses showed that either diet had no negative effect on chickens' metabolism and that both plant-based diets were suitable for the feeding of chickens. It was also found that the substitution of vegetable oils with Ca-salts of fatty acids in a feeding mixture produced no negative effects on the carcass characteristics or health status of chickens. However, the composition of a diet must reflect the difference between the energy values of oils and Ca-salts of fatty acids.
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The fattening of broiler chickens is one of the most important branches of the worldwide production of poultry meat.
Hybrids with high utility parameters are currently available. However, such a genetic material requires optimum rearing conditions which would enable the maximum exploitation of the genetic potential of the particular hybrids. Nutrition is one of the most important factors in this respect. Feeding mixtures should therefore consist not only of highquality proteins but they should also contain sufficient amount of energy necessary for highintensity growth. Increasing demands for energy in growing chickens can be satisfied by the addition of fat to the feeding mixtures (up to 10%).
Due to bovine spongiform encephalopathy (BSE) efforts have been made to remove potentially hazardous animal-based raw materials including animal fat from feeding mixtures. This also resulted in efforts to substitute animal fat in feeding mixtures used to feed broiler chickens with vegetable oils. Unlike animal fat, vegetable oils have favourable dietetic effects as they contain a higher level of polyunsaturated acids, and also cholesterol is absent in vegetable oils. Cholesterol is transported by low-density lipoproteins (LDL) which enable its entry to the cell by binding to the cell membrane receptors. Increased cholesterol level, which is presented by VLDL (very low-density lipoproteins), IDL (intermediate density lipoproteins) and LDL, is in relation to atherosclerosis, while high level of HDL (high-density lipoproteins) has opposite effect. The function of HDL is to remove cholesterol from tissues.
Partial or total replacement of animal fat (tallow) in diets for chickens with vegetable oils (sunflower, cotton, soy and rape-seed) was studied by a number of authors (Kirkpinar et al. 1999; Balevi and Coskun 2000; Bickel et al. 2001 ). These authors found that neither production efficiency of feeding mixtures nor carcass parameters were negatively affected by the diets enriched in vegetable oils. Oils made of sunflower and maize added to the feeding mixtures showed a positive effect on the growth intensity of chickens. V alencia et al. (1993) reported that the use of raw or refined palm oil had no negative effect on the yield of carcass or the content of abdominal fat. Bilal et al. (2001) pointed out a positive effect of sunflower oil on performance. On the basis of their experiments, Zollitsch et al. (1997) concluded that broiler chickens receiving the feeding mixture with vegetable fat grew faster. These authors, however, did not demonstrate the effect of the kind of fat administered on the amount of abdominal fat and breast and thigh muscles. K rasicka et al. (2000) and Crespo et al. (2001) showed enhanced performance and improved quality of meat in broiler chickens that received an increased amount of n -3 PUFA after the addition of flax oil.
There are almost no data in scientific literature on the use of vegetable oils in the form of Ca-salts of fatty acids which could potentially replace traditional vegetable oils in feeding mixtures used for chickens fattening. This form of fat offers the following advantages: higher stability (particularly of polyunsaturated fatty acids), suitable application form (solid loose substances), and an important source of calcium.
The aim of our study was to find out whether vegetable oils contained in the feeding mixtures used in the fattening of broiler chickens can be replaced by Ca-salts of fatty acids (Energol R and Energol S).
Materials and Methods
The experiment was conducted with COBB 500 broiler chickens in an approved experimental stable of the Department of Nutrition, Dietetics, Zoohygiene and Plant Products at the Faculty of Veterinary Hygiene and Ecology, University of Veterinary and Pharmaceutical Sciences in Brno.
The experiment was carried out with the total of 140 one-day-old chickens divided into two groups (experimental and control); each consisting of 70 chickens (35 females and 35 males). Female and male chickens housed on deep litter were fed separately in compliance with the requirements for the fattening of COBB 500 broilers. The chickens were fed and watered ad libitum using plastic tube feeders and automatic hanging drinkers which enabled the monitoring of the daily consumption of both feed and water.
Three complete feeding mixtures were used for the fattening of chickens: BR1 (day 1-14), BR2 (day 15-30) and BR3 (day 31-42). The animal-based component in the feeding mixture (meat-and-bone meal) was replaced by a specially treated rape seed (Proenergol V80 and Proenergol V100). Proenergol is commercially produced protein feed prepared by thermal treatment of rape pellets in reactor using CaO. The difference between Proenergol V80 and Proenergol V100 lies in fact, that Proenergol V100 is produced only from rape pellets (100%), while Proenergol V80 from the mixture of rape pellets (80%) and rape seed (20%). Soy oil in the mixtures for the fattening of experimental chickens was replaced with Energol R and Energol S. Energol is commercially produced feed on the vegetable oils basis (rape-seed oil -R, soy oil -S) prepared by thermal treatment of oil in reactor using CaO. These technological processes are protected by patent. The composition of the feeding mixtures is provided in Table 1 . Feeding mixture analysis was performed using basic methods of laboratory feed examinations.
The experiment was terminated on the 42 nd day and the chickens were weighed (LW1 -basic group). On the basis of the mean body weight, 10 female chickens and 10 male chickens were selected from each group (LW2 -selected group) for haematological and biochemical examination and for the evaluation of carcass parameters.
Blood was taken from vena basilica, stabilized by heparin and subjected to haematological and biochemical analysis. The total erythrocyte count (Er) and total leukocyte count (Le) using a flask dilution method and counting blood cells in Bürker chamber were determined. Also photometric determination of haemoglobin content (Hb) at the wavelength of 540 nm using Drabkin solution, and the determination of haematocrit (Hk) using the Janetzki microhaematocrit method were carried out. Blood plasma was analysed for the following parameters: the total protein content (TP), glucose (Gl), triglycerides (TG), lipoproteins (HDL and LDL), phospholipids (PL), and the photometric determination of molar concentrations of transaminases (AST and ALT) using commercially available BIO-LA-TESTs (Pliva Lachema, j.s.c.).
After slaughter, the selected chickens were examined for the following parameters: carcass weight (CSW), the weight of abdominal fat (WAF), the weight of breast muscles (WBM), the weight of unskinned thighs (WUST), the weight of skinned thighs (WST), the weight of upper thighs (WUT) and the weight of lower thighs (WLT). These values were used to calculate the yield of carcass (YC), the yield of abdominal fat (YAF), the yield of breast muscles (YBM), the yield of unskinned thighs (YUST), the yield of skinned thighs (YST), the yield of upper thighs (YUT) and the yield of lower thighs (YLT). The yields are expressed in per cent, relative to the live weight of chickens. The results obtained were processed using the program STATGRAPHICS. Statistical parameters such as arithmetic mean (x) and standard deviation (sd) are introduced in Tables. Student t-test was used to evaluate significance of the mean values (td) with the probability of p ≤ 0.05 (*) and p ≤ 0.01 (**).
Results
The chickens were fattened until the age of 42 days. The live weight of females and males in the experimental group (basic group) was 2.11 kg and 2.20 kg, respectively, while in the control group (basic group) the live weight of females and males was 2.18 kg and 2.50 kg, respectively. The conversion of the feeding mixture in the experimental group was 2.00 kg (females) and 1.98 kg (males) per kg of weight gain, while in the control group the conversion was 1.87 kg (females) and 1.84 kg (males) per kg of weight gain. An overview of the mean live weights of chickens is in Table 2 . Statistical processing of the results showed no statistically significant differences in the mean weight of female chickens. However, the mean live weight of control males was significantly higher (p ≤ 0.01) than that of males in the experimental group. The higher mean live weight of males in the control group on the 42 nd day significantly affected (in comparison with the experimental group) (p ≤ 0.01) the weight of carcass (control: 1703.96 g, experiment: 1448.70 g), the weight of thighs without skin (control: 532.77 g, experiment: 444.01 g) and the weight of skinned thighs (control: 478.68 g, experiment: 395.68 g). The mean weight of upper thighs in control males (254.39 g) was shown to be very significantly higher (204.54 g; p ≤ 0.01). Similarly, the mean weight of lower thighs in control males (224.29 g) differed significantly (p ≤ 0.05) from that of the males in the experimental group (191.14 g).
The increased weight of carcass in control males did not result in significant differences in the weight of both abdominal fat (control: 29.09 g, experiment: 21.75 g) and breast muscles (control: 407.24 g, experiment: 345.37 g). No significant differences between chickens in the control and experimental groups were found in any of the monitored parameters.
The effect of the diet on parameters such as the yield of carcass, the yield of abdominal fat, the yield of breast muscles, and the yield of thighs, which are the most valuable parts of carcass, was evaluated. One interesting fact is that (Table 2) the live weight and the weight Table 3 The results of both haematological and biochemical examination of chickens on the 42 nd day (Er-the total count of erythrocytes, Hb-haemoglobin content, Hk-haematocrit value, Le-the total count of leukocytes, CP-plasma protein, Gl-glucose, TG-triglycerides, HDL, LDL-lipoproteins, PL-phospholipids, transaminases AST and ALT, F-females, M-males, *p ≤ 0.05, ** p ≤ 0.01) of carcass, which were significantly higher in control males, did not affect the yield of both carcass and its individual parts as compared with the experimental group. Similarly, no statistically significant differences between control and experimental groups of female chickens were found in the yield of both carcass and its individual parts. However, the yield of upper thighs in males was significantly higher (9.97%, p ≤ 0.05) than that in females. The study also included haematological and biochemical examination of blood to assess the effect of the tested diet on the metabolic profile of the experimental chickens. Table 3 presents no significant differences between the control and experimental group in following blood parameters: Er, Hb, Hk, Le. In opposite of this fact, molar concentration of glucose in the experimental males (12.07 mmol/l) was significantly lower (p ≤ 0.05) than that of the control males (14.32 mmol/l). No significant differences were found in other monitored parameters (TG, HDL, LDL, PL, AST, and ALT). During the whole period of the fattening the chickens showed no clinical symptoms of disease. No differences between the groups were found in the death rate. The death rate during the fattening was 6.25% in the experimental group and 5.00% in the control group which corresponds to that of chickens reared in operational conditions.
Discussion
The present work addresses the problem of the replacement of vegetable oils in feeding mixtures with Ca-salts of fatty acids in the fattening of broiler chickens.
The efficiency of chickens gained in the experiment shows that the diet consisting exclusively of plant-based feed can be successfully used. On the 42 nd day the live weight of chickens in the control group was higher than that claimed in the technological procedure for the fattening of COBB 500 broilers. According to this procedure the weight of COBB 500 female and male chickens on the 42 nd day of the fattening should be 2.009 kg and 2.347 kg, respectively. However, the live weight of control females and males was 2.18 kg and 2.50 kg, respectively. These results confirm the conclusions drawn by Ristic et al. (2001) that the use of vegetable proteins in feeds resulted not only in a significant increase of chickens' live weight but it also increased the weight of carcass and the yield of valuable parts of carcass (breast muscles and thighs).
A comparison between the two tested diets -one containing vegetable oils (control) and the other consisting of Ca-salts of fatty acids (experiment) -demonstrates the differences in production efficiency due to sex. In the case of female chickens, no significant difference between the control (2.18 kg) and experimental group (2.11 kg) was found in the mean live weight on the 42 nd day of the fattening. On the other hand, efficiency was different in the case of male chickens on the 42 nd day of the fattening. The mean live weight of males in the control group (2.50 kg) was very significantly higher (p ≤ 0.01) compared with that of males in the experimental group (2.20 kg). The difference between the production efficiency of the two feeding mixtures in males and females arises probably due to the fact that oils differ from Ca-salts of fatty acids in energy content, which is documented by ME values of the feeding mixtures administered to chickens in the control group.
The content of energy fully satisfied the energy demands in both control and experimental groups of female chickens. However, in the case of males the content of energy in the feeding mixtures was not sufficient to meet the energy demand due to increased growth intensity. This may explain a significantly lower live weight of males (p ≤ 0.01) in the experimental group (2.20 kg) compared with the control group (2.50 kg). These results justify the use of different feeding mixtures for female and male chickens in order to meet chickens' demands for energy and specific nutrients.
The experiment also included the evaluation of the carcass parameters. The results of the evaluation showed that the weight of thighs without skin (532.77 g) and skinned thighs (478.68 g) in the control males was significantly higher (p ≤ 0.01) than that of males in the experimental group (444.01 g, 395.68 g). The increase of the weight of thighs in males was accompanied with a significant increase (p ≤ 0.01) of the weight of upper thigh (control: 254.39 g, experimental: 204.54 g) and a significant increase (p ≤ 0.05) of the weight of lower thighs (control: 224.29 g, experimental: 191.14 g). The increase of the mean weight of thighs corresponds to a significantly higher weight of carcass of males in the control group (1 703.96 g) compared with that of male chickens in the experimental group (1 448.70 g). The increased weight of carcass of control males had no significant effect on the weight of breast muscles or the weight of abdominal fat.
The findings concerning the yield of carcass and the yield of individual muscles are interesting. Although both groups of male chickens differed in the mean live weight and in the weight of carcass, the differences in the yield of carcass and the yield of individual body parts were not statistically significant. It can be concluded from the results that all part of chickens' body developed evenly with increasing growth intensity reaching a higher live weight. It follows from the results that both forms of fat administered to the chickens influenced the growth intensity in males but showed no effect on the yield of carcass and its individual parts except for the yield of upper thighs which was significantly higher (p ≤ 0.05) in the control males (9.97%) compared with that of males in the experimental group (9.31%). The results are in good agreement with those of the experiments performed by Bickel et al. (2001 Bickel et al. ( ), V alencia et al. (1993 , Bilal et al. (2001) , Zollitsch et al. (1997) , and Krasicka et al. (2000) who found that the yields of carcass were not significantly influenced by the origin of fat used in the feeding mixture.
The monitoring of chickens' state of health included clinical evaluation and haematological and biochemical examination of blood taken at the end of the experiment, i.e. on the 42 nd day of the fattening, do not confirmed negative effects of feed mixture. Our results of haematological and biochemical examinations of blood are in good agreement with the conclusions reported by B ilal et al. (2001) who showed that various kinds of fat used in the nutrition of broilers had no effect on haematological parameters. Haematological and biochemical examination showed that the values of all monitored parameters were in the physiological range known for healthy chickens. Similar results obtained in haematological and biochemical studies of broiler chickens were published by Stevanovic et al. (1990) , Straková et al. (1993 , and Straková et al. (2000) .
On the basis of the above results it can be concluded that the Ca-salts of fatty acids have no negative effect on chickens' state of health and the quality of carcass and may therefore be used in the fattening of broiler chickens. When designing a composition of the feeding mixture, one must realize that the energy value of Ca-salts of fatty acids is lower than that of commonly used fats and oils. Otherwise, it might result in the decrease of growth intensity of chickens. This particularly applies to fast-growing male chickens in the final phase of fattening.
Porovnání vegetabilních diet s obsahem Ca-solí mastn˘ch kyselin a jejich vliv na uÏitkovost, jateãnou hodnotu a zdravotní stav brojlerov˘ch kufiat
Cílem práce byla testace dvou vegetabilních diet vlastní receptury, srovnání jejich produkãní úãinnosti a posouzení vlivu tûchto diet na jateãnou hodnotu a zdravotní stav vykrmovan˘ch kufiat, s moÏností náhrady rostlinn˘ch olejÛ v kontrolní dietû Ca-solemi mastn˘ch kyselin v pokusné dietû. Do pokusu bylo zafiazeno celkem 140 kufiat, která byla rozdûlena do 2 skupin po 70 kufiatech (35 kohoutkÛ a 35 slepiãek). Pokusná skupina dostávala dietu se speciálnû o‰etfien˘mi tuky v podobû Ca-solí mastn˘ch kyselin a kontrolní skupina dietu s rostlinn˘mi oleji. Experiment byl ukonãen ve 42. dnu v˘krmu, kdy kufiata dosáhla prÛmûrné Ïivé hmotnosti u pokusné skupiny 2,11 kg (slepiãky) a 2,20 kg (kohoutci), u kontrolní skupiny 2,18 kg (slepiãky) a 2,50 kg (kohoutci). Vysoce prÛkaznû niÏ‰í (p ≤ 0,01) Ïivá hmotnost u kohoutkÛ pokusné skupiny statisticky v˘znamnû ovlivnila i jejich hmotnost jateãnû opracovaného tûla 1448,70 g (p ≤ 0,05), hmotnost stehen s kÛÏí 444,01 g (p ≤ 0,01) i bez kÛÏe 395,68 g (p ≤ 0,01), hmotnost horních stehen 204,54 g (p ≤ 0,01) a hmotnost dolních stehen 191,14 g (p ≤ 0,05). U hmotnosti prsní svaloviny a abdominálního tuku tyto prÛkazné rozdíly potvrzeny nebyly. Pfies v˘‰e uvedené hmotnostní rozdíly nebyly u v˘tûÏnosti jateãnû opracovaného tûla ani u v˘tûÏnosti jednotliv˘ch ãástí jateãného tûla potvrzeny prÛkazné rozdíly mezi pokusn˘mi a kontrolními kufiaty, s v˘jimkou v˘tûÏnosti horních stehen (p ≤ 0,05).
Souãástí práce bylo na základû hematologick˘ch a biochemick˘ch vy‰etfiení krevní plazmy posoudit zdravotní stav kufiat. V˘sledky vy‰etfiení potvrzují, Ïe testované diety nemûly negativní vliv na metabolismus kufiat.
V˘sledky experimentu dokládají, Ïe lze úspû‰nû realizovat v˘krm kufiat na vegetabilních dietách. Za nov˘ poznatek lze pokládat, Ïe v dietách pro vykrmovaná kufiata lze nahradit rostlinné oleje Ca-solemi mastn˘ch kyselin, aniÏ by tyto negativnû ovlivnily jateãnou hodnotu tûla kufiat a jejich zdravotní stav. Pfii sestavování diet je v‰ak nutné respektovat rozdíln˘ obsah energie v olejích a v Ca-solích mastn˘ch kyselin.
